Abstract. The history and the latest determinations of the lithium abundance in FG Sge and Sakurai's object (V4334 Sgr) are discussed. The present day abundances of Li in these stars are 3.8 ±0.2 dex and 3.6 ± 0.3 dex, respectively (expressed as log e(Li) and normalized to log S/iiCi = 12.15). FG Sge is found to have nearly normal hydrogen abundance but Sakurai's object is hydrogen-deficient. The quoted Li abundance for Sakurai's object corresponds to the assumed C to He numerical abundance ratio of 10 %. The timing of the enrichment by Li is also discussed.
INTRODUCTION
Lithium is one of the key elements which helps us understand stellar evolution. Stars start their life with a lithium abundance equal to the interstellar lithium content. At present the interstellar medium Li abundance is log e(Li) = 3.3. During the evolution of a star, lithium is destroyed, as it burns at relatively low temperatures. Lithium destruction and depletion is expected to occur during mainsequence evolution and during red giant (RGB) and asymptotic red giant (AGB) evolution as the envelope convection reaches into the lithium-depleted inner region. RGB stars, and AGB stars of < 4 M©, are expected to have surface Li abundances from 2 to 4 orders of magnitude below the interstellar medium value.
At the same time, among RGB and AGB stars, stars with Li abundances exceeding the interstellar value, the so-called Lirich stars, are found. This indicates that in some cases these stars produce fresh lithium. One of the mechanisms believed to work in bright AGB stars producing Li is the 7 Be-transport mechanism in which 3 He is converted to 7 Li via the reaction chain 3 He( 4 He,7) 7 Be(e~,i/) 7 Li (Cameron & Fowler 1971) . Scalo et al. (1975) were the first to demonstrate that this reaction chain is working in the environment of "hot bottom burning" (HBB), where hydrogen is burning in CN cycle at the base of the convective envelope. The necessary supply of 3 He was manufactured during the main-sequence phase by the incomplete p -p chain outside of the H-burning core. However, HBB works efficiently only in massive (4-7 M©) and bright AGB stars (Sackmann & Boothroyd 1992 ).
For explaining the high lithium abundances found in some RGB stars Boothroyd & Sackmann (1999) used a non-standard mixing mechanism -"cool bottom processing" (CBP), developed by Wasseburg et al. (1995) in order to explain low 12 C/ 13 C ratio observed in these stars.
High lithium abundances are also found in some low-mass C stars (M <2-3 MQ) and metal poor and hence initially low mass post-AGB stars. There is no process known at present which could be responsible for the high Li abundance in these stars.
The masses of the last helium shell flash stars, FG Sge and Sakurai's object, are around 0.61 MQ (Blocker & Shonberner 1997) and 0.8 MQ (Asplund et al. 1999) respectively. This corresponds to an initial mass range between 1 and 5 MQ. Therefore their post-AGB progenitors could have had (or not had) chemical compositions formed by the third dredge-up and also the signatures of HBB.
LITHIUM ABUNDANCE IN FG SGE
FG Sge is believed to have experienced a final thermal pulse during its post-AGB evolution about 100 yr ago (Kipper 1996) . From about 1964 it started to show increasing overabundances of s-process elements (Langer et al. 1974 , Cohen & Phillips 1980 . These overabundances rose until the 1980's when the enrichment levelled out (Kipper & Klochkova 2001) . Somewhat later, around 1980, the star started to show an increase in the carbon abundance. That increase has also levelled out at the present time. The fact that the C abundance has been altered after that of s-process elements cannot be explained by current understanding of the third dredge-up process (Mowlavi 1999 ).
The lithium line at 6708 A in FG Sge spectra was not observed for quite a long time after the discovery of s-process enrichment. So Tenn & Carolin (1977) found from their spectra obtained in 1975 and 1976 that Li I line was absent. Cohen & Phillips (1980) estimated from their 1975-1978 spectra a crude upper limit of the Li abundance, loge(Li) < 4, which is in odds with the Tenn & Carolin findings. Wallerstein (1990) published an extensive list of line identifications in FG Sge using spectra obtained in 1982. He found the Li I 6707.8 A line as a possible blend to the unidentified line at 6708.14 Ain our high resolution spectra obtained in 1992 (Kipper & Kipper 1993) , just before the R CrB-like brightness variations started, the Li I line lies at the very edge of the echelle order. We were not able to identify reliably and to measure that line, which, nevertheless seemed to be present.
In our echelle CCD-registered spectra obtained since 1995 during the relative light maxima the line is clearly present and its intensity has not further changed.
Summarizing this retrospect, one could say that at the time of enrichment of surface layers by s-process elements there was no increase of carbon and lithium in the surface layers. It seems likely that lithium was dredged-up to the surface simultaneously with carbon.
We determined the Li abundance in FG Sge using spectra (R ~ 10000) obtained by V. E. Panchuk with the prime focus spectrometer of the 6 m telescope (Panchuk et al. 1999 ) on 8/9 July 2000. These and all the other spectra discussed in this note were reduced using the NOAO astronomical data analysis facility IRAF. The continuum was placed by fitting low order spline functions through the high flux points in every order.
The lithium abundance was found using the spectrum synthesis method. We used for analysis the atmospheric model with T e ff = 5500 K and log <7 = 1.0 from Kurucz's set (1979) . The microturbulent velocity -5 km s -1 was chosen. For details of stellar parameters estimation and the model atmosphere choice see Kipper & Klochkova (2001) .
The line-list for Li I 6708 A line vicinity was composed using the list of Bell (1976) with addition of some absent metallic lines from the Kurucz's list (1993) , and the C2 Swan system and CN red system lines from the archive generated at Indiana University (Alexander 1991) . For the line positions and oscillator strengths of the lithium doublet itself the data by Andersen et al. (1984) were used. The fit of the synthetic spectra calculated with this line-list with the observations is not as good as expected. This reflects the absence of many heavy element lines which has been the shortcoming of all synthesis of FG Sge spectra (Fig. 1) .
At the used spectral resolution the Li I doublet is seriously blended with the Sm II line at 6707.47 A. Kipper k Klochkova (2001) have estimated earlier the Sm abundance log e(Sm) = 3.4±0.4. In the case of this mean Sm abundance the Li abundance would be 4.0 dex, but a blend at 6712.60 A suggests somewhat higher Sm abundance of even 3.8 dex, resulting in the Li abundance of 3.7 dex. Therefore we estimate the Li abundance in FG Sge log e(Li) = 3.8 ± 0.2. This error does not include any contribution from unidentified lines of heavy elements which could lower the derived Li abundance.
LITHIUM ABUNDANCE IN THE SAKURAI OBJECT
The brightening of Sakurai's object (V4334 Sgr) has been similarly to FG Sge attributed to the final helium-shell flash of the central star of a planetary nebula (Duerbeck & Benetti 1996) . FG Sge experienced a late He-flash when it had high luminosity on the horizontal part of the evolutionary track in the H-R diagram (Blocker & Shonberner 1997) . The important difference in the evolution of Sakurai's object from that of FG Sge is that it had a very late flash which happened when the star was already on its cooling track towards a white dwarf after the cessation of the hydrogen burning. This leads to a much faster pace of evolution after the He-flash (Blocker & Shonberner 1996) . These two scenarios differ drastically in mixing. The mild mixing in the case of FG Sge results in almost normal hydrogen abundance (Kipper & Klochkova 2001) and the appearance on the surface of s-process elements and carbon almost a century after the flash. In the case of Sakurai's object hydrogen is mixed with the deep layers of He and C and consumed during the flash. The lithium abundance in Sakurai's object has also been high from the very first observations after the flash. During the first year after the discovery, the Li abundance was determined several times (Shetrone & Keane 1997 , Kipper & Klochkova 1997 , Asplund et al. 1997 . Asplund et al. (1999) reanalyzed these observations in a consistent manner and found the increase in the Li abundance from 3.6 to 4.2 dex for the time span of 6 months in 1996. During the same time the H abundance decreased by 1.0 dex. These abundances were derived using hydrogen-deficient atmospheric models with the input carbon-to-helium abundance ratio (by number) C/He=0.10. Specifying this ratio is important in the case of the hydrogen-deficient stars as the leading contributor to the continuous opacity in the line-forming layers is C I, and helium is the most abundant element. Therefore the observed line strengths and hence the spectroscopic abundances are controlled by the ratio E/C (Asplund et al. 2000) .
We have followed the Sakurai object spectroscopically also in 1997 and 1998. In 1997 the high resolution (R « 20000) spectra were obtained on July 19 and 20 by V. G. Klochkova with the "Lynx" echelle spectrometer (Klochkova 1995) in the Nasmyth focus of the Russian 6 m telescope. Some spectra with lower resolution were secured in March and April with the prime focus echelle spectrometer. The appearance of these spectra is very much different from the ones in 1996. Already from the spring of 1997 the spectrum of Sakurai's object resembles that of a quite late-type carbon star (around C5) with prominent C2 bands. At the same time the photometric observations start to show the presence of dusty envelope (Kimeswenger et al. 1997 ). This will hinder the analysis, and the results will certainly be inferior to earlier work.
We estimated the temperature of the object at about T e fr = 6200 ± 200 Ii and log g = 0.6 in July 1997 (Kipper & Klochkova 1999a ) and adopted £ t = 7 km s -1 using the result obtained for July 1996 (Kipper &: Klochkova 1997) as no large changes in this parameter were expected on the basis of 1996 observations (Asplund et al. 1997) .
The model atmospheres for the analysis were computed with an improved version of MARCS program (Gustafsson et al. 1975 ) with updated opacities. Opacities from continuum sources, molecules CO, CN and C2, and atomic lines were taken into account. The line opacities were treated in the opacity sampling approximation (J0rgensen et al. 1992) . The structure of these models fits well with the analogous models by Asplund et al. (1997a) . Using the intensities of C2 Swan bands we derived the carbon abundance C/He=0.01. This differs from the value of 0.1 assumed by Asplund et al. (1999) . When fitting the synthetic spectral energy distribution (SED) with the observations, we also found that the models with C/He=0.01 give a better fit in U (Kipper 1999) . Accordingly, we have raised the derived Li abundance by 1.0 dex in order to compare it with the results of Asplund et al. (1999) .
The line-list for the spectrum synthesis was the same as in the FG Sge case. The main problem here, however, arises not from the insufficiency of heavy metal lines in the line-list as in the case of FG Sge. The reason is in the lower enrichment by the s-process elements in Sakurai's object than in FG Sge. Additionally, serious blending by carbon containing molecules causes the problems.
In that way for 20 July 1997 we found the Li abundance loge(Li) = 3.6 (normalized to logS/ije,-= 12.15).
The last spectrum we have analyzed was obtained by V. G. Klochkova and V. E. Panchuk with the prime focus spectrometer of the 6 m telescope on 09 July 1998 just 2 weeks before the very deep brightness drop of the object due to the dust obscuration from which the star has not yet recovered.
Earlier (Kipper & Klochkova 1999) have estimated T e fr = 5750 ± 200 K, log </ = 0.5 ± 0.3 and £ t = 5 km s -1 for the spectra of July 1998. In this case the C2 Swan bands were best fitted with the carbon-to-helium abundance ratio C/He=0.03. With such model the Li abundance, reduced to C/He=0.1 case, is loge(Li) = 3.6 (Fig. 2) . In this figure also the C I line at 6711.29 A is indicated. This line shows the notorious "carbon problem" reaching -1.0 dex. The same line showed the "carbon problem" of -0.4 to -1.0 dex for 17 stars in the extensive analysis of R CrB stars by Asplund et al. (2000) .
Considering the different atmospheric models, possible large errors in T e fr and log <7, and seriously increased blending by molecular lines, the apparent decrease of the Li abundance could be fictitious. However, the effective temperature and, respectively, the Li abundance derived from the resonant doublet could only be overestimated if the results by Pavlenko & Duerbeck (2001) were considered. They found lower effective temperatures T e ff = 5500 ± 200 K for April 1997 and T eff = 5200 ± 200 K for 12 August 1998, when the major brightness decline of Sakurai's object was already started.
CONCLUSION
We have found that two stars, which almost certainly have experienced last helium shell flashes, FG Sagittae and Sakurai's object, have photospheric lithium abundances exceeding the interstellar lithium content. In Sakurai's object the high Li abundance was found very soon after the shell flash started. The first spectroscopic observations were obtained only two years after the outburst. At the moment of the first Li I line observations on 20 April 1996 by Shetrone & Keane (1997) (loge(Li) = 3.6) and had a quite normal hydrogen content. During the following 6 months the H abundance dropped by almost 1.0 -dex and the Li abundance increased by 0.6 dex. This increase is most easily explained by Li production via the 7 Be transport mechanism (the Cameron-Fowler mechanism) with the 3 He supplied by the same layers which supplied hydrogen to provide the energy for swelling star back to AGB. As 7 Li is destroyed much easily than 7 Be, non of it is preserved from the possible AGB-phase of Li production.
In the spectra obtained in 1997 and 1998 the Ha line is weakened further, but heavy blending does not allow one to determine the H abundance. If its content is still decreasing, some of the newly produced Li may also be consumed. That last decrease in the Li abundance is, however, not securely established.
The timing is completely different for FG Sge. During about a century after the last helium shell flash, the abundances in its atmosphere remained nearly solar. Then around 1964, s-process elements appeared at the surface with no apparent increase of carbon abundance and lack of lithium. When the increase of the s-process elements abundances levelled out in the early 1980's, excess carbon and, possibly at the same time, lithium appeared. At present, the increase of both carbon and lithium abundances seems to have levelled out. The latest determination of the Li abundance yields a very high value loge(Li) = 3.8. This non-simultaneous appearance of these elements conflicts the typical dredge-up scenario where the s-process elements are formed in a carbon-rich helium-burning environment immediately beneath the H-burning shell and thus should be dredged-up together. This is a serious challenge for scholars of post-AGB evolution.
